Although compound dry separation technology has been applied to industrial applications for +6 mm size fraction of coal separation, the technology has not been widely applied in the separation of fine coal (−6 mm). In this study, the effect of the partition plate unit characteristics on both the average density of particles in the bed uniformly and the final separation results in a fine coal separation process were studied. According to the results, the standard deviations of the corresponding density distribution were 0.08, 0.14, and 0.07 when the height of the partition plate was 2.5 cm, the partition plate angle was 35 • , and the distance from the apex of partition plate on the backplane, was 12 cm, respectively, which were the lowest values at the same level. These results showed that the average density of particles in the bed was uniformly, and its corresponding density distribution contour map was more regular. When the amplitude was 2.8 mm, the frequency was 29 Hz, the height of the partition plate was 2.5 cm, the partition plate angle was 35 • , and the distance from the apex of the partition plate to the backplane was 12 cm; as a result, the E value was 0.115 g/cm 3 , the yield of the concentrate was 69.24%, the ash content was 12.52%, and the separation effect was better. The characteristics of the partition plate unit have an important effect on the separating process of −6 mm fine coal in the compound dry separator.
Introduction
Since coal is becoming the main source of energy in China, many people in China have focused on optimizing the use of the coal resource. It is reported that coal consumption accounts for approximately 60% of domestic energy consumption, and is expected to remain the main energy source in the future [1] . According to predictions [2] , coal will remain the primary energy source until 2040 in China. However, effective utilization of coal is poor. The problems of environmental pollution, such as the generation of sulfur dioxide, acid rain, and soot, caused by the burning of coal that has not been beneficiated, are becoming increasingly serious. Therefore, developing more efficient processing technology for cleaning coal is very urgent [3] . It is also important to develop more efficient processing technology for cleaning coal to realize high efficiency, cleanliness, and comprehensive utilization of coal resources. With global climate change, the problems of global water shortages are becoming increasingly serious. According to statistics, the per capita share of water resources in China is only the bed surface and the heavy materials are on the bottom of the surface. Due to the inclined angle in the horizontal direction of the bed, the low-density materials slide down from the surface of the bed, so that the materials in the top layer of the bed surface are continuously discharged through the side discharge baffle and enters the concentrate section. The high-density materials gather at the bottom of the bed, and moves towards the gangue section under the action of the partition plate on the bed surface, and finally enters the tailings chute [28] . In this study, the different parameters of the height of the partition plate (H), the partition plate angle (θ) and the distance from the apex of the partition plate to the backplane (D) were tested. The best test parameters were found. Figure 2 is the three experimental parameters for the dry coal separation. The porosity of the bed surface is 65% and the bore diameter of bed surface is 3 mm. The separator parameters were listed in Table 1 . Table 1 . Characteristics of testing system of fine compound dry separator.
Size (mm) Operation capacity (t/h) Amplitude (mm) Frequency (Hz) Air volume (m 3 /h)
25-0 1-0.5 4-2 50-0 3517
Material Properties
The experimental sample was come from Inner Mongolia, which was produced from Bula mine in Zhongmeishan of Ordos. The raw coal used in this study was is brittle and muddy. The density The materials are fed into the separating bed with a certain longitudinal and transverse inclinations by a vibrating feeder, and vibration from the vibration source acts on the bed surface. There are several air chambers under the bed which can control the air flow. The air is fed into the air chamber by a centrifugal ventilator. Through the air holes on the bed surface, the air acts on the separating materials upward. Under the double actions of vibration force and air fluidization force, the materials become loose and stratified according to density. The light materials are on the top of the bed surface and the heavy materials are on the bottom of the surface. Due to the inclined angle in the horizontal direction of the bed, the low-density materials slide down from the surface of the bed, so that the materials in the top layer of the bed surface are continuously discharged through the side discharge baffle and enters the concentrate section. The high-density materials gather at the bottom of the bed, and moves towards the gangue section under the action of the partition plate on the bed surface, and finally enters the tailings chute [28] .
In this study, the different parameters of the height of the partition plate (H), the partition plate angle (θ) and the distance from the apex of the partition plate to the backplane (D) were tested. The best test parameters were found. Figure 2 is the three experimental parameters for the dry coal separation. The porosity of the bed surface is 65% and the bore diameter of bed surface is 3 mm. the materials become loose and stratified according to density. The light materials are on the top of the bed surface and the heavy materials are on the bottom of the surface. Due to the inclined angle in the horizontal direction of the bed, the low-density materials slide down from the surface of the bed, so that the materials in the top layer of the bed surface are continuously discharged through the side discharge baffle and enters the concentrate section. The high-density materials gather at the bottom of the bed, and moves towards the gangue section under the action of the partition plate on the bed surface, and finally enters the tailings chute [28] .
(a) (b) In this study, the different parameters of the height of the partition plate (H), the partition plate angle (θ) and the distance from the apex of the partition plate to the backplane (D) were tested. The best test parameters were found. Figure 2 is the three experimental parameters for the dry coal separation. The porosity of the bed surface is 65% and the bore diameter of bed surface is 3 mm. The separator parameters were listed in Table 1 . 
The experimental sample was come from Inner Mongolia, which was produced from Bula mine in Zhongmeishan of Ordos. The raw coal used in this study was is brittle and muddy. The density The separator parameters were listed in Table 1 . 
The experimental sample was come from Inner Mongolia, which was produced from Bula mine in Zhongmeishan of Ordos. The raw coal used in this study was is brittle and muddy. The density distribution of the −6 + 1 mm size fraction was measured by the sink-float method, with results shown in Table 2 . Table 2 showed that the head ash of the coal was 25.24%. The yield of coal with density −1.6 g/cm 3 was nearly 68%, and the yield of density +1.8 g/cm 3 was greater than 20%.
Experimental Method
After the materials were fed into the bed surface from the feeder of the separator, the materials were forced to move due to the vibration force and air fluidization force of the bed surface. When the separator operated stably, samples were taken in the divided area of the bed surface to measure the ash content of the samples. When the separating process was over, the yield and ash content of the collecting concentrate and gangue were calculated.
During the all of the experiments, different parameters would be used when the characteristics of the partition plate unit were analysed, but the amplitude and frequency of the separator were a fixed value when the parameter of the partition plate was changed. The amplitude was 2.8 mm and the frequency was 29 Hz. When the height of the partition plate was changed to a range of 1.5 cm to 3.5 cm, the angle and distance were fixed. The angle was 35 • and the distance from the apex of partition plate on the backplane was 12 cm. When the partition plate angle of the partition plate was changed to a range of 25 • to 45 • , the height was 2.5 cm, the distance from the apex of partition plate on the backplane was 12 cm. When the distance from the apex of the partition plate on the backplane was changed to a range of 8 cm to 16 cm, the height of partition plate was 2.5 cm, the partition plate angle was 35 • .
Evaluation Index
In the actual separation process, there is not a suitable method to measure the bed surface density of the compound separating machine directly at the present stage, mainly the coal density calibration has more standards, such as true density and apparent density. No matter which kind of measuring method, when the amount of data is large, the measurement is more complicated. Therefore, a linear correlation curve of ash content and density is established in this experiment. The density of specific area of bed surface is calculated by sampling and measuring ash, and the density distribution of bed surface is obtained by interpolation function in the MATLAB software. The calculation formula of ash content-density was shown in Formula 1, and the correlation coefficient R was 0.9801, indicating that ash content was closely related to density in this experiment, and the ash-density correlation curve was shown in Figure 3 . y = In order to understand the change of average density of particles in the bed during the process of compound dry separation of fine coal, the coordinate axis was established on the structure of trapezoidal bed surface, and the sampling was carried out in the separation process relying on the bed surface coordinates. The bed surface coordinates are shown in Figure 4 . The x-axis is the direction from the feeding section to the gangue discharging section, and the y-axis is the direction from the feeding section to the discharging baffle. In the x-axis direction, the separation bed surface was divided into 10 sections, each segment spacing is 100 mm. In the y-axis direction, the separation bed surface was divided into 5 sections, each segment spacing is 100 mm. So, the bed surface was divided into many equal squares by x-axis and y-axis. In the direction of horizontal coordinate and longitudinal coordinate of bed surface, the areas which cross each other were sampling and measuring points. The sampling layout on the bed surface of the compound dry separator is shown in Table 3 . In order to understand the change of average density of particles in the bed during the process of compound dry separation of fine coal, the coordinate axis was established on the structure of trapezoidal bed surface, and the sampling was carried out in the separation process relying on the bed surface coordinates. The bed surface coordinates are shown in Figure 4 . The x-axis is the direction from the feeding section to the gangue discharging section, and the y-axis is the direction from the feeding section to the discharging baffle. In the x-axis direction, the separation bed surface was divided into 10 sections, each segment spacing is 100 mm. In the y-axis direction, the separation bed surface was divided into 5 sections, each segment spacing is 100 mm. So, the bed surface was divided into many equal squares by x-axis and y-axis. In the direction of horizontal coordinate and longitudinal coordinate of bed surface, the areas which cross each other were sampling and measuring points. The sampling layout on the bed surface of the compound dry separator is shown in Table 3 . In order to understand the change of average density of particles in the bed during the process of compound dry separation of fine coal, the coordinate axis was established on the structure of trapezoidal bed surface, and the sampling was carried out in the separation process relying on the bed surface coordinates. The bed surface coordinates are shown in Figure 4 . The x-axis is the direction from the feeding section to the gangue discharging section, and the y-axis is the direction from the feeding section to the discharging baffle. In the x-axis direction, the separation bed surface was divided into 10 sections, each segment spacing is 100 mm. In the y-axis direction, the separation bed surface was divided into 5 sections, each segment spacing is 100 mm. So, the bed surface was divided into many equal squares by x-axis and y-axis. In the direction of horizontal coordinate and longitudinal coordinate of bed surface, the areas which cross each other were sampling and measuring points. The sampling layout on the bed surface of the compound dry separator is shown in Table 3 . In each sampling process, after the equipment started to separate stably, the equipment was firstly turned off, and then the sampler was used to sample in the divided area on the bed surface, and all the samples in each area were taken away. Then the technology of division was acted on the sample, respectively. Finally, when the sample was suitable enough for ash content measurement, we tested the sample for ash content using a muffle furnace. we calculated the density through the ash content of the sample. (1) Standard deviation of the average density of particles in the bed distribution (S ρ ) To characterize the uniformity of the average density of particles in the bed in a fixed area in the process of compound dry separation of fine coal, the density standard deviation (S ρ ) is used to reflect the degree of deviation from the average density of the measured area. The smaller is conducive to the separation of materials by density. The expression describing the data is as follows:
In the formula, S ρ is the standard deviation of the density distribution of the bed in units of g/cm 3 . ρ i is the value of density measurement at test point i in units of g/cm 3 . ρ a is the average value of density measurement in units of g/cm 3 . n is the total number of measuring points.
(2) Comprehensive index K The formula of the comprehensive evaluation index K is the yield of the concentrate divided by the ratio of ash reduction, which is the ration of concentrate ash to head ash. The expression of comprehensive index K is as follows:
In the formula: γ j is the yield of the concentrate in units of %. A j is the ash content of concentrate in units of %. A y is the ash content of raw coal in units of %.
Compared with other indices, the comprehensive index K not only covers the ash content and the yield of concentrate, but also takes the ash content of raw coal into account. The index can more comprehensively and accurately measure the effect of fine coal compound dry separation. A j /A y is the ratio of ash reduction, that is, the ratio of concentrate to raw coal ash content, which represents the effect of ash content reduction of the concentrate after separation. A higher K value denotes a better separation effect, that is, the lower ash content and the higher yield of concentrate. Figure 5 showed the effect of the height of the partition plate (H) on the uniformity of the average density of particles in the bed and the separation efficiency. When the value of H was 2.5 cm, the density distribution of the bed materials was more uniform than that of the other two separation conditions. The isoline of density distribution was regular, and many low-density particles were accumulated in the concentrate section. Moreover, the high-density particles were distributed in the gangue section of the bed body. The value of S ρ was 0.08, which was the lowest value under the same factors. This result indicated that the density stability of the bed surface for these parameters was uniform. When the value of H was 1.5 cm, the average density of particles in the bed distribution was less uniform, especially in the concentrate section and the middle coal section. One possible explanation for this result was that the value of H was too small, resulting in the bed materials accumulation thickness being too thin to form a more uniform density layer. Moreover, the thin bed made the materials between the bottom bed surface and the surface layer closing to the discharge section subject to the same force, which caused the surface low-density particles mixing with the bottom particles to move toward the gangue section, while the bottom materials moved toward the discharging section via the reverse thrust of the backplane. The value of S ρ was 0.51, and the uniformity of average density of particles in the bed was poor. Figure 5 showed that, when the value of H was 3.5 cm, the density distribution of the bed was again less uniform, and some of the high-density particles were distributed in the middle coal section, the corresponding S ρ was 0.35. The uniformity of the average density of particles in the bed was poor. discharging section via the reverse thrust of the backplane. The value of Sρ was 0.51, and the uniformity of average density of particles in the bed was poor. Figure 5 showed that, when the value of H was 3.5 cm, the density distribution of the bed was again less uniform, and some of the high-density particles were distributed in the middle coal section, the corresponding Sρ was 0.35. The uniformity of the average density of particles in the bed was poor. Table 4 is Sρ for different values of H. Figure 6 showed that the effect of fine coal compound dry separation was directly related to H. When the value of H was 1.5 cm, the partition plate was so short that the materials in the bed were thin. Thus, it was difficult to form a stable density separating layer, causing the particles that have entered the bed to be discharged under the action of vibration force before stratification. As a result, the high-density materials were discharged with the concentrate section, and the yield of the concentrate was reduced. In the process of increasing H from 1.5 cm to 2.5 cm, the comprehensive index K increased gradually, and the separation effect became better, which showed the following: (1) the ash content of concentrate decreased sharply; and (2) the yield of the concentrate decreased little. When the value of H was 2.5 cm, although the yield of concentrate decreased slightly, the ash content and comprehensive index K of the concentrate reached the maximum value, and the separation effect was the best. When the H increased from 2.5 cm to 3.5 cm, the index K showed a downward tread. The yield of concentrate increased, and the ash content also increased linearly. The separation materials accumulating on the bed surface increased when the value of H was too high. The value of H not only affected the final separation effect but also affected the production efficiency of the separator to some extent. Figure 6 showed that the effect of fine coal compound dry separation was directly related to H. When the value of H was 1.5 cm, the partition plate was so short that the materials in the bed were thin. Thus, it was difficult to form a stable density separating layer, causing the particles that have entered the bed to be discharged under the action of vibration force before stratification. As a result, the high-density materials were discharged with the concentrate section, and the yield of the concentrate was reduced. In the process of increasing H from 1.5 cm to 2.5 cm, the comprehensive index K increased gradually, and the separation effect became better, which showed the following: (1) the ash content of concentrate decreased sharply; and (2) the yield of the concentrate decreased little. When the value of H was 2.5 cm, although the yield of concentrate decreased slightly, the ash content and comprehensive index K of the concentrate reached the maximum value, and the separation effect was the best. When the H increased from 2.5 cm to 3.5 cm, the index K showed a downward tread. The yield of concentrate increased, and the ash content also increased linearly. The separation materials accumulating on the bed surface increased when the value of H was too high. The value of H not only affected the final separation effect but also affected the production efficiency of the separator to some extent. 
Results and Discussion

Effect of the Height of the Partition Plate (H) on the Separation Process
Effect of the Partition Plate Angle (θ) on the Separation Process
The effect of the partition plate on the uniformity of the average density of particles in the bed is shown in Figure 7 . Figure 7a showed that, when the value of θ was 25°, the density distribution of bed surface was less uniform and had no obvious regularity, and the value of Sρ was 0.37. The results showed that, in the separation process, the movement of particles was less uniform, and a uniform and stable density separation layer had not been formed in the bed. This phenomenon occurred because, when θ was small, the force acted on the particles, so that materials distributed along the backplane, thereby this fraction of the particles to be not sufficiently separated and discharged. Figure 7b showed that, when the value of θ was 35°, the isoline of the bed surface distribution presented a certain regularity, and the separation effect was better. The value of Sρ reached 0.14, and the average density of particles in the bed value increased gradually in the x-axis direction. In the range of 0-500 mm of the x-axis, the density distribution of the bed surface was more uniform, which indicated that the average density distribution of bed surface in this area was uniform, and many low-density particles gathered in this area. In the range of 600-900 mm of the x-axis, the average density distribution of the bed increased obviously because many high-density materials moved to this side after separation. It showed that the particles in the bed surface could form a uniform average density layer when the value of θ was 35°, and the bed surface particles could be stratified according to the rule of density. When the value of θ was 45°, as shown in Figure 7c , there was no obvious regularity of the average density of particles in the bed distribution. In the range of 100-500 mm of the x-axis, the density distribution was less uniform than in the 35° case. 
The effect of the partition plate on the uniformity of the average density of particles in the bed is shown in Figure 7 . Figure 7a showed that, when the value of θ was 25 • , the density distribution of bed surface was less uniform and had no obvious regularity, and the value of S ρ was 0.37. The results showed that, in the separation process, the movement of particles was less uniform, and a uniform and stable density separation layer had not been formed in the bed. This phenomenon occurred because, when θ was small, the force acted on the particles, so that materials distributed along the backplane, thereby this fraction of the particles to be not sufficiently separated and discharged. Figure 7b showed that, when the value of θ was 35 • , the isoline of the bed surface distribution presented a certain regularity, and the separation effect was better. The value of S ρ reached 0.14, and the average density of particles in the bed value increased gradually in the x-axis direction. In the range of 0-500 mm of the x-axis, the density distribution of the bed surface was more uniform, which indicated that the average density distribution of bed surface in this area was uniform, and many low-density particles gathered in this area. In the range of 600-900 mm of the x-axis, the average density distribution of the bed increased obviously because many high-density materials moved to this side after separation. It showed that the particles in the bed surface could form a uniform average density layer when the value of θ was 35 • , and the bed surface particles could be stratified according to the rule of density. When the value of θ was 45 • , as shown in Figure 7c , there was no obvious regularity of the average density of particles in the bed distribution. In the range of 100-500 mm of the x-axis, the density distribution was less uniform than in the 35 • case. The effect of the partition plate angle on the separation is shown in Figure 8 ; when the value of θ increased from 25° to 35°, the yield of the concentrate increased quickly, and the ash content increased smoothly. The reason for these phenomena possible was that, when θ increased, the distance from the apex of partition plate to the backplane (D) reduced, resulting in the decrease of the tailings passage, thereby causing the concentrate carried by the tailings to be reduced. At the same time, the tailings passage became smaller, resulting in an increase in the amount of materials intercepted at the front of the separation bed surface. The materials intercepted on the bed surface increased, the density uniform separation layer could be formed under the actions of fluidization air, and the vibration. It made the high and low-density particles to separate quickly; thus, the separation efficiency was improved. When the value of θ was between 35° and 45°, the yield of the concentrate changed slowly, whereas the ash content increased sharply. The tailings passage on the bed surface became smaller, and the high-density particles could not be discharged through the tailings passage after separation, resulting in the deposition of high-density materials and the increase of the materials accumulation thickness in the upper part of the bed under the action of the reverse thrust of the backplane, followed by return of the materials to the separation bed. A large number of back-mixing particles after separation led to a sharp increase of the yield of the concentrate and an increase of the ash content of the concentrate. It could be also seen from the comprehensive index K that the range of K changed slowly in the process of increasing θ from 25° to 35°. When the value of θ further increased from 35°, the comprehensive index K decreased sharply; thus, the suitable value of θ was 35°. Table 5 is Sρ for different values of θ. The effect of the partition plate angle on the separation is shown in Figure 8 ; when the value of θ increased from 25 • to 35 • , the yield of the concentrate increased quickly, and the ash content increased smoothly. The reason for these phenomena possible was that, when θ increased, the distance from the apex of partition plate to the backplane (D) reduced, resulting in the decrease of the tailings passage, thereby causing the concentrate carried by the tailings to be reduced. At the same time, the tailings passage became smaller, resulting in an increase in the amount of materials intercepted at the front of the separation bed surface. The materials intercepted on the bed surface increased, the density uniform separation layer could be formed under the actions of fluidization air, and the vibration. It made the high and low-density particles to separate quickly; thus, the separation efficiency was improved. When the value of θ was between 35 • and 45 • , the yield of the concentrate changed slowly, whereas the ash content increased sharply. The tailings passage on the bed surface became smaller, and the high-density particles could not be discharged through the tailings passage after separation, resulting in the deposition of high-density materials and the increase of the materials accumulation thickness in the upper part of the bed under the action of the reverse thrust of the backplane, followed by return of the materials to the separation bed. A large number of back-mixing particles after separation led to a sharp increase of the yield of the concentrate and an increase of the ash content of the concentrate. It could be also seen from the comprehensive index K that the range of K changed slowly in the process of increasing θ from 25 • to 35 • . When the value of θ further increased from 35 • , the comprehensive index K decreased sharply; thus, the suitable value of θ was 35 • . Table 5 is S ρ for different values of θ. 
Effect of the Distance from the Apex of the Partition Plate to the Backplane (D) on the Separation Process
The distance from the apex of the partition plate to the backplane (D) is the region between the apex of the partition plates and the D provides a channel to separate the coal on the bed surface. High-density tailings can easily pass when the D is large enough. Thus, D determines the moving speed of high-density materials which would be transported to the tailings section after separation. D also affects the handling capacity of the separator in a unit time. Figure 9 showed the influence of D on the stability of the average density of particles in the bed. When the value of D was 8 cm, as shown in Figure 9a , the distribution of average density of particles in the bed was poor, and the value of Sρ was 0.45. A small number of high-density particles appeared in the 100-200 mm region of the xaxis because the value of D was small. It caused some high-density particles to spiral toward the backplane because the distance was so narrow that this fraction of particles could not be transported in time. As shown in Figure 9b , when the value of D was 12 cm, the average density of particles in the bed distribution showed a certain regularity, and the value of Sρ reached the minimum of 0.07. In the range of 0-500 mm of the x-axis, the bed surface density distribution was more uniform, and the density was relatively small in this area. In this region, the materials could form layers, and the average density of particles in the bed was low. In the region of 500-700 mm of the x-axis, the density was relatively high because of the gradual movement of the high-density materials after separation from the concentrate section to this area. In the range of 700-900 mm of the x-axis, all the separated materials would be discharged from this section. Thus, in this area, the average density of particles in the bed was high. When the value of D was 16 cm, the density distribution of the bed surface was shown in Figure 9c . Although there were some regularities in the density distribution map, the 
The distance from the apex of the partition plate to the backplane (D) is the region between the apex of the partition plates and the D provides a channel to separate the coal on the bed surface. High-density tailings can easily pass when the D is large enough. Thus, D determines the moving speed of high-density materials which would be transported to the tailings section after separation. D also affects the handling capacity of the separator in a unit time. Figure 9 showed the influence of D on the stability of the average density of particles in the bed. When the value of D was 8 cm, as shown in Figure 9a , the distribution of average density of particles in the bed was poor, and the value of S ρ was 0.45. A small number of high-density particles appeared in the 100-200 mm region of the x-axis because the value of D was small. It caused some high-density particles to spiral toward the backplane because the distance was so narrow that this fraction of particles could not be transported in time. As shown in Figure 9b , when the value of D was 12 cm, the average density of particles in the bed distribution showed a certain regularity, and the value of S ρ reached the minimum of 0.07. In the range of 0-500 mm of the x-axis, the bed surface density distribution was more uniform, and the density was relatively small in this area. In this region, the materials could form layers, and the average density of particles in the bed was low. In the region of 500-700 mm of the x-axis, the density was relatively high because of the gradual movement of the high-density materials after separation from the concentrate section to this area. In the range of 700-900 mm of the x-axis, all the separated materials would be discharged from this section. Thus, in this area, the average density of particles in the bed was high. When the value of D was 16 cm, the density distribution of the bed surface was shown in Figure 9c . Although there were some regularities in the density distribution map, the average density of particles in the bed was low, the particles distribution on the bed surface was less uniform, and the corresponding value of S ρ was 0.39. The uniformity of bed was poor. average density of particles in the bed was low, the particles distribution on the bed surface was less uniform, and the corresponding value of Sρ was 0.39. The uniformity of bed was poor. Table 6 is Sρ for different values of D. The effect of the change in D on the separation of fine coal was shown in Figure 10 . The diagram showed that the separation effect of fine coal was affected directly by the change in the value of D. Overall, the separation effect of compound dry separation improved when the distance increased gradually. However, when the value of D exceeded 12 cm, the separation effect deteriorated sharply. Figure 10a showed that, during the process of increasing D from 8 cm to 12 cm, the ash content of the concentrate decreased sharply and the yield of concentrate decreased slowly. Moreover, the comprehensive index K reached the maximum when the value of D was 12 cm. The results showed that the separation effect of fine coal was the best. One possible explanation for this result was that when the value of D was small, the high-density materials at the bottom of the bed after stratification moved near the backplane under the excitation force of the bed surface. Because the value of D was too small, this part of the stratified high-density particles could not be moved to the tailings section in time. In contrast, these particles returned to the concentrate section of the separation bed under the action of backplane reverse thrust. Furthermore, some high-density particles would be intercepted when the D was smaller. This fraction of back-mixing particles would aggravate the fluctuation of the average density of particles in the bed to a certain extent and worsen the overall separating effect. Under the combined action of the two factors, the yield and ash content of the concentrate were relatively high. When the value of the D was 12 cm, the yield of concentrate decreased sharply, the ash content increased linearly, and the separation index became the worst. The effect of the change in D on the separation of fine coal was shown in Figure 10 . The diagram showed that the separation effect of fine coal was affected directly by the change in the value of D. Overall, the separation effect of compound dry separation improved when the distance increased gradually. However, when the value of D exceeded 12 cm, the separation effect deteriorated sharply. Figure 10a showed that, during the process of increasing D from 8 cm to 12 cm, the ash content of the concentrate decreased sharply and the yield of concentrate decreased slowly. Moreover, the comprehensive index K reached the maximum when the value of D was 12 cm. The results showed that the separation effect of fine coal was the best. One possible explanation for this result was that when the value of D was small, the high-density materials at the bottom of the bed after stratification moved near the backplane under the excitation force of the bed surface. Because the value of D was too small, this part of the stratified high-density particles could not be moved to the tailings section in time. In contrast, these particles returned to the concentrate section of the separation bed under the action of backplane reverse thrust. Furthermore, some high-density particles would be intercepted when the D was smaller. This fraction of back-mixing particles would aggravate the fluctuation of the average density of particles in the bed to a certain extent and worsen the overall separating effect. Under the combined action of the two factors, the yield and ash content of the concentrate were relatively high. When the value of the D was 12 cm, the yield of concentrate decreased sharply, the ash content increased linearly, and the separation index became the worst. 
Determination of the Optimum Partition Parameter
In this paper, the Box-Behnken response surface method of Design-Expert software was used to analyze the influence of the operation factors on the separating effect. The operating factors were the following: amplitude, frequency, height of the partition plate, partition plate angle, and distance from the apex of the partition plate to the backplane. The basic parameters in the separation experiments were shown in Table 7 , with each factor set at three levels. The selected amplitude was 2.8 mm, the frequency was 29 Hz, the H was 2.5 cm, the θ was 35°, and the D was 12 cm. The same numerical interval between the left and right sides were taken to carry out the multi-factor experimental design with these five data as the center. The reason why these ranges of variation were chosen was that we just chose the optimal parameters under the operability of the machine. The recommended model was the quadratic polynomial model (Prob > F, value of Prob was 0.0075, indicating that the model was significant. The Prob is the possibility). The analysis results are shown in Table 8 . 
In this paper, the Box-Behnken response surface method of Design-Expert software was used to analyze the influence of the operation factors on the separating effect. The operating factors were the following: amplitude, frequency, height of the partition plate, partition plate angle, and distance from the apex of the partition plate to the backplane. The basic parameters in the separation experiments were shown in Table 7 , with each factor set at three levels. The selected amplitude was 2.8 mm, the frequency was 29 Hz, the H was 2.5 cm, the θ was 35 • , and the D was 12 cm. The same numerical interval between the left and right sides were taken to carry out the multi-factor experimental design with these five data as the center. The reason why these ranges of variation were chosen was that we just chose the optimal parameters under the operability of the machine. The recommended model was the quadratic polynomial model (Prob > F, value of Prob was 0.0075, indicating that the model was significant. The Prob is the possibility). The analysis results are shown in Table 8 .
It can be seen in Table 7 that the mathematical model is expressed as follows:
(1) Mathematical model in terms of factors of code:
(2) Mathematical model in terms of actual operational factors: In this equation, α, β, γ, δ, εrepresented amplitude, frequency, height, angle and distance, respectively. Figure 11 showed the comprehensive index K response surface and its contour diagram. It could be seen from Figure 11a that the variation trend of comprehensive index K along the amplitude direction was more obvious than that along the D direction. From the contour map mapped by the response surface, the sensitivity of comprehensive index K to amplitude change was found to be more obvious than the variation of D. This result indicated that amplitude change had a great influence on the final separating efficiency. Figure 11b showed a comprehensive index K response surface and its contour under the interaction of different frequencies and angles. The response surface curve revealed that the trend of comprehensive index K along the direction of partition plate angle was steeper than that along the direction of amplitude. The corresponding contour line also showed that the comprehensive index K was more sensitive to the change of θ. This result showed that, in the separation process, θ had a greater effect on the final separating efficiency than the amplitude. Figure 11c showed a comprehensive index K response surface and its contour line under the influences of different values of H and D. The response surface curve revealed that the variation trend of comprehensive index K along the H direction was steeper than that along the D direction. The plot showed that the change of D had less influence on the comprehensive index K than the change of H. The contour of the corresponding surface also showed that the comprehensive index K was more sensitive to the change of H. It could be seen from the Table 8 that the significant factors that influence the comprehensive index K were ranked in level of influence as follows: amplitude > H > D > θ > frequency. Table 9 is the separation results of fine coal in a compound dry separator, Table 10 presents the partition coefficient results of −6 + 1 mm fine coal for compound dry separation and Figure 12 is the partition coefficient of the compound dry separation −6 + 1 mm fine coal.
frequency. Table 9 is the separation results of fine coal in a compound dry separator, Table 10 presents the partition coefficient results of −6 + 1 mm fine coal for compound dry separation and Figure 12 is the partition coefficient of the compound dry separation −6 + 1 mm fine coal. After the parameters were optimized by multi-factor test, the −6 + 1 mm fine coal compound dry separation test was conducted. The experimental results were as follows. By drawing the partition curve to calculate the Ep value, the value was 0.115, and the yield of concentrate was 69.24%. The fine coal ash content dropped to 12.52 %.
Conclusions
(1) The effects of the characteristics of the partition plate element on the separation of fine coal were studied. For the height of the partition plate (H) is 2.5 cm, the partition plate angle (θ) is 35°, and the distance from the apex of partition plate to the backplane (D) is 12 cm, the standard deviation (Sρ) of the corresponding density were obtained as 0.08, 0.14, 0.07, respectively, reaching the lowest value under the same factors. This finding showed the following: (a) the density of the bed surface After the parameters were optimized by multi-factor test, the −6 + 1 mm fine coal compound dry separation test was conducted. The experimental results were as follows. By drawing the partition curve to calculate the E p value, the value was 0.115, and the yield of concentrate was 69.24%. The fine coal ash content dropped to 12.52 %.
(1) The effects of the characteristics of the partition plate element on the separation of fine coal were studied. For the height of the partition plate (H) is 2.5 cm, the partition plate angle (θ) is 35 • , and the distance from the apex of partition plate to the backplane (D) is 12 cm, the standard deviation (S ρ ) of the corresponding density were obtained as 0.08, 0.14, 0.07, respectively, reaching the lowest value under the same factors. This finding showed the following: (a) the density of the bed surface was more uniformity; and (b) the regularity of the isoline of the average density of particles in the bed distribution was obvious, that is, the density values of the concentrate section and the middle coal section to the tailings section increased gradually and the materials on the bed surface were separated according to the density distribution.
(2) Using Design-Expert software and univariate test factor, the test results showed that, under the conditions of the amplitude of 2.8 mm, the frequency of 29 Hz, the height of the partition plate (H) of 2.5 cm, the partition plate angle (θ) of 35 • , and the distance from the apex of the partition plate to the backplane (D) of 12 cm, both the comprehensive index K and the separation efficiency of fine coal were the best. Through the numerical analysis of the response surface design experiment, it was concluded that the ranking of the effect of each factor on the comprehensive index K was: amplitude > H > D > θ > frequency.
(3) Using the optimum set of operating conditions, the separation test of −6+1 mm fine coal showed that the ash content of raw coal was 25.24%, the yield of concentrate was 69.24%, the separated coal ash was divided into 12.52%, the probable E p was 0.115 g/cm 3 . 
